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CLAIMS: 



! A transformer for low frequency applications of 

from 50Hz to 1000 Hz is described. The transformer comprxses 
a core having a cylindrical symmetry around a main revolutxon 
axis The core is formed of a soft isotropic magnetxc 
composite material composed of iron and resin. Windings are 
enclosed in the magnetic core and magnetically coupled wxth 
the magnetic core. The core is formed by core sections. An 
inductor for low frequency applications, DC to 1000 Hz of 
similar construction is also described, said inductor 
comprising a core having a cylindrical symmetry around a maxn 
revolution axis, said core being formed of a soft xsotropxc 
magnetic composite material composed of iron and resin, a 
winding which is enclosed in said magnetic core and disposed 
about a central column of said magnetic core and magnetxcally 
coupled with the said magnetic core, said core being formed 
by core sections. 

2 The transformer as claimed in claim 1 wherein said 
core is provided on an external surface thereof with coolxng 
fins made integral with said soft magnetic composxte 
material . 

3 The transformer as claimed in claim 3 wherein said 
fins are integrally formed with said core during pressing of 
said core in a single operation process. 

4 . The transformer of claim 3 wherein said fins are 

machined in said core in a machining operation. 
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5 The transformer as claimed in claim 3 wherein said 
fins are oriented in the direction of the magnetic flux 
circulation of said core and in planes of said cylindrxcal 
symmetry passing through said revolution axis. 

6 The transformer as claimed in claiml wherein said 
core defines a winding window having a circular cross- 
section when viewed in a plane of said cylindrical symmetry 
passing through said revolution axis. 

7 The transformer as claimed in claim 1 wherein said 
core defines a winding window having an oval cross-section 
when viewed in a plane of said cylindrical symmetry passing 
through said revolution axis. 

8 The transformer as claimed in claim 1 wherein said 
core defines a winding window having a rectangular cross- 
section, with or without round corners when viewed in a 
plane of said cylindrical symmetry passing through said 
revolution axis. 
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The transformer as claimed in claim 1 wherein said 
core defines a winding window having a trapezoidal cross- 
section, with or without round corners when viewed in a 
plane of said cylindrical symmetry passing through said 
revolution axis. 

10 The transformer as claimed in claim 1 wherein said 

transformer is a polyphase transformer formed by stacking 
the cores of each phase face to face or with separation 
airgaps . 
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11. The transformer as claimed in claim 1 wherein said 

core is provided with one or more slots placed in planes of 
said cylindrical symmetry passing through said revolution 
axis to reduce eddy currents. 



The transformer as claimed in claim 1 provided with 
a" primary winding connected directly to an AC power supply 
having a frequency in the range of 50Hz to 1000Hz, and one or 
more secondary windings connected to a rectifier using diodes 
and/or thyristors and/or transistors. 



12 . 



13 . The transformer as claimed in claim 1 and having a 

low level of audible noise when supplied with AC currents at 
low frequencies in the range of 50Hz to 1000Hz, and with 
substantially magnetically induced vibrations in said 
magnetic composite materials thereby minimizing audible noise 
for applications such as distribution transformers, ballast 
transformers and inductors for fluorescent lamps, power 
supply transformers of audio equipment and domestic 
appliances . 

14. The transformer as claimed in claiml and having a 
low level of electromagnetic interference (EMI) and a low 
external stray magnetic field because said windings are 
enclosed in said magnetic core, for applications where said 
EMI must be minimized such as when used in power supply 
transformers of audio equipment. 

15. The transformer as claimed in claim 1 connected to 
an' AC power supply having a frequency of from 50Hz to 1000Hz 
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with input currents presenting a low total harmonic 
distortion (THD) . 

16. The transformer as claimed in claim 1 having small 
values of form factor (ratio between the height along said 
revolution axis and the external diameter of said core) to be 
adapted to specific constraints of low profile applications 
such as low profile transformers used on electronic cards 
mounted in racks with a specific interval between cards. 

17. The inductor as claimed in claim 2 wherein said 
magnetic core is provided with one or more airgaps, said 
core having two core sections, said airgaps being formed by 
separating said two sections or by using a central column 
and an external shell of different lengths. 

18. The inductor as claimed in claim 2 wherein said 
core is provided on an external surface thereof with cooling 
fins made integral with said soft magnetic composite 
material . 

19. The inductor as claimed in claim 19 wherein said 
fins are integrally formed with said core during pressing of 
said core in a single operation process. 

20. The inductor as claimed in claim 19 wherein said 
fins are machined in said core in a machining operation. 

21. The inductor as claimed in claim 19 wherein said 
fins are oriented in the direction of the magnetic flux 
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circulation of said core and in planes of said cylindrical 
symmetry passing through said revolution axis. 

22. The inductor as claimed in claim 2 wherein said 
core defines a winding window having a circular cross- 
section when viewed in a plane of said cylindrical symmetry 
passing through said revolution axis. 

23. The inductor as claimed in claim 2 wherein said 
core defines a winding window having an oval cross-section 
when viewed in a plane of said cylindrical symmetry passing 
through said revolution axis. 

24. The inductor as claimed in claim 2 wherein said 
core defines a winding window having a rectangular cross- 
section with or without round corners when viewed in a plane 
of said cylindrical symmetry passing through said 
revolution. 

2 5. The inductor as claimed in claim 2 wherein said 
core defines a winding window having a trapezoidal cross- 
section, with or without round corners when viewed in a 
plane of said cylindrical symmetry passing through said 
revolution axis. 

26. The inductor as claimed in claim 2 wherein said 
inductor is a polyphase inductor formed by stacking the 
cores of each phase face to face or with separation airgaps . 

27. The inductor as claimed in claim 2 wherein said 
core is provided with one or more slots placed in planes of 
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, v massing through said revolution 
said cylindrical symmetry passing 
axis to reduce eddy currents. 

28 . TSe inductor as claimed in claim > «- ^ ~ 

1o „ frequencies m th« > r g vlbration s in said 

sub stantially no * ^ mlnlmizi ng audihle 

soft magnetic composite mate £iltering and smoothing 

noise for applications such as fa 

„„ in electronic equipments, 
inductors used in 

claimed in claim 1 connected to an 
Ih e inductor as = -d ^ ^ ^ ^ ^ 

KC power supply having a treq barmo nic 
with input currents presenting a 
distortion (THD) . 

a -laimed in claim 2 provided with 
Th e inductor a S ,laxme generated by 

districted airgaps - ^ obtained b y staging 

:i::r y i^aT — — ^ ~ ™ 

small width. 

-Tainted in claim 2 having small 

^ Uatlo hetween the height along said 

values of form factor (ratio of said core) to 

— - - - r^ S of low P^file 
be adapted to specific ^ induct ors used on 

applications such as o* spec ific interval 

electronic cards mounted m racks 
between cards . 
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. d in claim 2 having a low 

The inductor as AC curre nts at low 

£re5 nencies in - ^ ^ vibrati ons <n 

substantially magne tl cal Y n i n i,uizing 
magnetic composite »t««l. 



audible 



noise . 
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(57) Abstract: A transformer for low frequency applications of from 50Hz 
to 1000Hz is described. The transformer composes a core having a cylin- 
drical symmetry around a main revolution axis. The core is formed of a soft 
isotropic magnetic composite material composed of iron and resin. Windings 
are enclosed in the magnetic core and disposed about a central column of the 
magnetic core and magnetically coupled with the magnetic core. The core 
is formed by core sections. An inductor for low frequency application s, DC 
to lOOOHz of similar construction is also described, the inductor comprises a 
core having ^cylindrical symmetry around a main revolution axis. The core 
is formed of a soft isotropic magnetic composite material composed of iron 
and resin. Winding is enclosed in the magnetic core and disposed about a 
central column of the magnetic core and magnetically coupled with the mag- 
netic core. The core is formed by core sections. 
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POWER TRANSFORMERS AND POWER ™ UCT0 *%*™ ITE 

FIELD OF THE INVENTION 

Th = present description presents several structures 
o£ transformers and inductors one of which is shown in Fag's 
. ,„ whioh has a cylindrical symmetry 

la and lb using a core 10 which has a y 

(see Fig. lO around one main revolution axrs 11, wxth 
lindings 1, only one wrnding in the inductor case, 
in the magnetic core 10. The primary winding 12 of these 
ansformers and/or autotransf ormers is directly — 

_ Fiq 12) with an operatxon 

an AC power supply 1j I see tig. 

nf so H" to 1000 Hz. The power range 
frequency in the range of 50 to 

of these applxcatxons lies between 1 VA and 10KV^ Th 
materials used for the realization of the magnetic oores 
of these devices are isotropxc soft magnetxc composxte 
materials, made of iron powder and resxn. 

The proposed structures are maximxzxng the power to 

• _ Thpqp devices can be used 
weight ration of the devices. These aev 

a loL or in association with rectif iers - £ 

and/or thvristors and/or transistors to provxde P 
I , -xch xs used xn e.uxpment having electr c 
components circuits. The devices can also be used t 

construct dxstribution transformers, xsolatxon transformers 

and inductors with or without low profile. 

BACKGROUND OF THE INVENTION 

- , n , 0 u r-pnt-urv laminated sof" 
Since the end or the 19 centur, , 

raagne tic materials have oeen used for the constructron c 

single or oolyphase transformers and inductors to 

applications in the usuai commercial range of AC suppl 
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„ 50 Hz to 1000 Hz) for a wide power range 

frequency (from 50 Hz iBolat .d laminations 

(from 1VA to several kVA) . ievel q£ 

present interesting magnetrc properties w^ ^ ^ 

induction of satnra tier > .near ^ ^ ^ magnetic 

^nations also allows the ating in the plane 

iosses because the magnetrc flux dimensions 

o£ th e laminations .the tlux as ^ by 

only , T he .^"/^redTo a orl shape, and E, C or !- 

^/rrr r c r:: x—, - - — •< 

these topologies. these devices is 

x_ „f the assembly or 

important number of P Qf ^ winding ani 

punching, mountrng an st 9 ^ ^ 

isolation, mountrng o the e ially availa ble in 

plate These transformers are 

one drawback of the values 
generation of an important audible norse for the 

of frequency of the ,C supply systems an the rang ^ 

60 or 400 Hz for example) see 

to 1000Hz (50, 60 4 prod ucing low iron 

529 051 to inokutx; Yu*io et al . M ^ ^ 

ct -ppi having low noise 
loss gram orrented steel 

characterrstrcs .The proportions , the heat 

iaminations also reduces an great P P ^ ^ 

transfer between the ^^^^1^, i- * 
he at is circulating an the P ^ ^ „, 
two dimensaons only Th ^ ^ ^ ^ lQsses 

for the transfer of the hea g to th£ 

ln the windings and the magnetrc losses 
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ambiance is therefore limited. In such structures using 
laminations, the temperature rise between the windings and 
the laminations remains an important limitation in terms of 

power to weight ratio. 

The variations of the permeability of the magnetic 
materials used in laminations are very important when 
saturation is occurring. It is then necessary to oversize the 
transformers and inductors to avoid saturation in the case of 
voltage variations of the AC supply. When saturation occurs, 
the magnetizing current can increase in great proportions and 
produce an excessive heating of the windings. 

The conventional shapes of magnetic cores like E, C 
and I -configuration cores do not maximize the power to volume 
and power to weight ratios of the transformers and inductors, 
in these structures, there are also important magnetic stray 
fields and leakage flux which circulate in the external 
environment of the device and can induce parasitic 
perturbations in electrical or electronic circuits, for 
example. In applications where the stray magnetic radiation 
of the transformer or the inductor must be eliminated, 
magnetic cores with a toroidal shape are generally used 
(transformers used in power supplies of audio amplifiers for 
example) see U.S. Patent No. 3, 668, 589 by Wilkinson "Low 
frequency magnetic core inductor structure-. But the winding 
process on such a core is difficult and the transfer of the 
heat generated by copper losses in the windings and magnetic 
losses in the core to the ambiance, in such transformers and 
inductors, is not efficient. 

The magnetic cores which present a cylindrical 
symmetry around one main revolution axis with windings 
enclosed are the best suitable for the realization o£ 
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transformers and inductors. In such structures, there is an 
optimal use of the copper volume and a good magnetic coupling 
between the windings. The power to weight ratio and the power 
to volume ratio are maximized. But it is impossible to 
realize this shape of magnetic core with laminations, because 
in the cores which present a cylindrical symmetry around one 
ma in revolution axis with windings enclosed, the magnetic 
flux is circulating in the three dimensions. It is necessary 
to use an isotropic soft magnetic material with a low 

electrical conductivity. 

Since 30 years, magnetic cores which present a 
cylindrical symmetry (Pot-cores for example) have been 
realized with isotropic sintered soft magnetic materials with 
low electrical conductivity like ferrites for high frequency 
power supplies (20 kHz to 300 kHz) see U.S. Patent No. 
4 602 957 to Pollock et al, "Magnetic powder compacts". The 
magnetic and thermal properties of these materials are 
isotropic and their magnetic losses are minimized on a wide 
range of frequency up to 5 00 kHz and several Mhz see US 
Patent 4,507,640 to Rich III et al , "High frequency 
transformer". Several distributors, such as Philips, Siemens, 
etc are already offering a wide range of standard size 
ferrite cores with different shapes C, E and I-cores, toroxd 
cores, ETD-cores and Pot-cores, to realize high frequency 
transformers and inductors. But, at low frequency, the power 
to weight ratio of the transformers and inductors is also 
proportional to the value of the induction of saturation of 
the soft magnetic material. The induction of saturation of 
the ferrite material which is relatively low, near 0.4 T, is 
limiting the use of such a material for applications at low 
values of frequency used in the conventional AC supplies 
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system, from 50Hz to 1000Hz, for example 50Hz, 60Hz end 
400Hz. The use of ferrite materials is then limited to hxgh 
frequency applications. Because they are sintered, the 
ferrite materials are also brittle and the size and shape of 
the cores which can be realized are therefore limited. For 
example, because these materials are brittle, it is not 
possible to press cooling fins directly on the cores durrng 

forming. v._„ 
Other kinds of magnetic materials have been 

proposed for the realization of Pot-Core transformers for low 

or high frequency applications as disclosed in U.S. Patents 

4 6 01,7S5 to Soileau et al and 4,201,837 to Lupinsxr 

Generally the sintered materials present a high cost of 

production and the cores which are proposed don't have 

cooling fins on their external surface to maximize the power 

to weight ratio. 

Several new soft magnetic composites have been 
recently developed in the domain of powder metallurgy. 
(ATOMET EM-1 of Quebec Metal Powders Inc for example, see I 

c i. Daiiot-ipr P Viarouge, Effect 

C.Gelinas, L.P. Lefebvre, s. Pelletrer, 

of Temperature on Properties of Iron-Resin Composites for 
Automative Applications, SAP Technical Paper (7p.) 970421 
Eng Soc. for Advancing Mobility Land Sea Air and Space. Int. 
Congress Detroit Michigan February 24-27 1997. In such soft 
magnetic isotropic materials, the iron flaxes are isolated 
from each other by a resin coating. These materials need a 
pressing process and a thermal treatment at low temperature. 
Their cost of production is then reduced. These materials 
are more adapted to applications where a mass production rs 
necessary, despite the fact that their production cost per 
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kilogram remains higher than the one o£ laminations (near two 

times higher) . 

By using a molding technique, it as possible to 
realize a core of complex shape in a single operation. It as 
also possible to machine the soft magnetic composites with 
conventional tools, while the sintered materials like soft 
magnetic ferrite can be only rectified with diamond grrndang 
wheels . 

The use of the soft magnetic composites for 
applications in the low frequency domain from 50Hz to 1000Hz 
is not still developed because these materials present a 
relatively low value of permeability when compared to the 
value of the permeability of laminations. (the relative 
permeability of the soft magnetic composites is near 200 and 
1500 for the conventional grades of laminations) . 

The magnetic losses at 50Hz and 60Hz in the soft 

v,-;„v,a-r- t-han in the soft magnetic 
magnetic composites are higher than m 

it -i c w/lca at 1 2 T instead or 2. 

laminated materials, (near 5 to 15 W/Jcg at 

W /kg for the soft magnetic laminated materials). But at 
400HZ, the magnetic losses of some soft magnetic composates 
can be 2 times lower see the above -referred technical paper. 

DISCLOSURE OF INVENTION 

We have found that despite the fact that soft 
magnetic composite materials do not present, at first sight 
interesting magnetic characteristics for the realization of 
transformers (relative permeability near 120 at 1.2 T) , the 
us e of magnetic cores made of isotropic soft magnetic 
composite material with a structure presenting a cylindrical 
symmetry around one main revolution axis with windings 
enclosed, can be used to increase the power to weight and 
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power to volume ratios when compared to the transformers 
using a conventional core structure made of laminations. 

If the core structure presenting a cylindrical 
symmetry around one main revolution axis with windings 
enclosed is equipped with integrated cooling fins made of the 
soft magnetic composite material itself, it is possible to 
increase the power to weight ratio, because the external 
surface of dissipation of the core and the transfer of the 
heat generated by the copper and magnetic losses to the 
ambiance are increased. In the present invention, we propose 
to directly form these cooling fins with the soft magnetic 
composite material itself because the mechanical properties 
of such materials allow this kind of realization during the 
pressing process. These cooling fins do not need any other 
fabrication step because they are pressed directly with the 
core itself. But it is also possible to realize them by 
machine finishing (machining) of the core after the pressing 
process. These kinds of cooling fins are also more efficient 
in terms of heat transfer when compared to conventional 
aluminum fins which can be attached to the magnetic core, 
because there no contact thermal resistance between the 
magnetic structure and the fins. 

It is pointed out that the thermal conductivity of 
the soft magnetic composite materials is similar to the 
thermal conductivity of iron. But the thermal properties of 
the soft magnetic composite materials are also isotropic, and 
the thermal conductivity presents the same value in the three 
dimensions. Consequently, the temperature rise of the winding 
above the ambiance remains low, and it is thus possible to 
achieve designs with a further reduction of the total mass of 
the device. The magnetic flux can also circulate xn the 
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■ „ ^ah P r than the one of laminations (near two 
kilogram remains higher tnan cue 

times higher). ,, 1n 

By using a molding technique, it is possible to 

realize a coxe of complex shape in a single operation. It is 

also possible to machine the soft magnetic composites with 

conventional tools, while the sintered materials lite soft 

magnetic ferrite can be only rectified with diamond grinding 

wheels. . . ^ frir 

The use of the soft magnetic composites for 

applications in the low frequency domain from 50Hz to 1000Hz 
is not still developed because these materials present a 
relatively low value of permeability when compared to the 
Lue of the permeability of laminations. (the relative 
permeability of the soft magnetic composites is near 200 
1500 for the conventional grades of laminations) . 

The magnetic losses at 50Hz and 60Hz in the soft 
magnetic composites are higher than in the soft magnetic 
laminated materials, (near S to IS W/Kg at 1.2 T insteaf I of 2 
W /Kg for the soft magnetic laminated materials). But at 
400HZ, the magnetic losses of some soft magnetic composites 
can be 2 times lower see the above-referred technical paper. 

DISCLOSURE OF INVENTION 

We have found that despite the fact that soft 
magnetic composite materials do not present, at first sight 
interesting magnetic characteristics for the — 
transformers (relative permeability near 120 at 1-- 
use of magnetic ceres made of isotropic soft magne ic 
composite materia! witn a structure presenting a cy^xc. 

m-in revolution axis witn windings 
symmetry arouna one main re^utio 

* t-o i—eacfl the power to weignt ana 

enclosed, can be usee to i— ea„ li y 
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winding is enclosed in the magnetic core and disposed about a 
central column of the magnetic core and magnetically coupled 
with the magnetic core. The core is formed by core sections. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A preferred embodiment of the present invention 
will now be described with reference to the accompanying 

drawings in which 

Fig. la is a top view of a section of a magnetic 
core constructed in accordance with the present invention and 
having a cylindrical symmetry around one main revolution axis 
and a circular cross-section of the winding window and the 

magnetic core; 

Fig. lb is a side view of Figure la; 

Fig. lc is a side view of an assembly of two core 

sections of Figures la and lb; 

Fig. 2a is a side view of the magnetic circuit for 
an inductor application showing an air gap between the two 

sections of the core; 

Fig. 2b is another side view showing an air gap at 

the center of the core; 

Fig. 3a is a top view along section lines A-A 1 of 
Figure 3b, presenting a core with a cylindrical symmetry 
around one main revolution axis and a circular cross - sect ion 
of the winding window and the magnetic core; 

Fig. 3b is a section view along section line B-B of 

Figure 3a; 

Fig. 4a is a top section view of the magnetic core 
as seen along section lines A-A of Figure 4b, presenting a 
cylindrical symmetry around one main revolution axis and a 
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rectangular cross - section , with round corners, of the winding 
window and end of magnetic core; 

Fig. 4b is a section view along section lines B-B 

of Figure 4a; 

Fig. 5a is a top view along section lines A-A of 
Figure 5b showing the magnetic core presenting a cylindrical 
symmetry around one main revolution axis and a rectangular 
cross-section of the winding window and the magnetic core; 

Fig. 5b is a section view along section lines B-B 
of Figure 5a; 

Fig. 6a is a top section view along section lines 
A-A of Figure 6b illustrating the magnetic core presenting a 
cylindrical symmetry around one main revolution axis, a 
rectangular outer cross section of the core and a trapezoidal 
cross section of the winding window; 

Fig. 6b is a section view along section lines B-B 

of Figure 6a; 

Fig. 7a is a top section along section lines A-A 
Figure 7b illustrating the magnetic core presenting a 
cylindrical symmetry around one main revolution axis, a 
trapezoidal outer cross- section of the core and a rectangular 
cross-section of the winding window; 

Fig. 7b is a section view along section lines B-B 

of Figure 7a; 

Figures 8a and 8b are side and top views of a 
magnetic core constructed in accordance with the design of 
Figure lc but with the core provided with fins; 

Figures 9a and 9b are side and top views 
respectively showing a core constructed in accordance with 
the embodiment of Figure 4b but with fins provided about the 



core ; 
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Figures 10a and 10b are side and top views 
respectively of a core constructed in accordance with the 
embodiment of Figure 5b but with fins extending about the 

side wall of the core; 

Fig Ha is a top section view along section lines 
AA of the core as shown in Figure lib illustrating a slot 
formed in each of the core sections; 

Fig. lib is a side view of Figure 11a; 
Fig. He is a further top section view along 
section lines AA of Fig. lib showing a plurality of slots 
formed in the core for reducing the circulation of Eddy 

currents therein; 

Fig. lid is a side view of the core of Figure 11c; 

and 

Fig. 12 is block diagram showing an application of 
the transformer with one or several secondary windings and 
connected to a rectifier circuit and for use as a DC supply 
for electronic components. 



WO 01/20622 



12 



PCT/CA00/01076 



DESCRIPTION OF PREFERRED EHBODIHEHTS 

The present description presents several structures 
o£ transformers and inductors one of which is shown in Erg's 
I and Ih using a core 10 which has a cylindrical symmetry 
(see Fig. IO around one main revolutron axrs II, wrth 
wrings' I, on ly one winding in the inductor ^ case enc o 

nn ThP nrimary winding 12 01 uiic=><= 
in the magnetic core 10. Tne priu^y 

m tne y directly connected to 

transformers and/or autotransf ormers is directly 

transform ^ an operatlon 

an AC oower supply 13 I see r J-y 

■ . h e ranqe of 50 Hz to 1000 Hz. The power range 
frequency m the range or 

o£ these appiications lies between I VA and 10*^ *~ 

trials used for the realization of the magnetrc cores 
r Tese Lvices are isotropic soft magnetic compete 

materials, made of ^££J?™Z^ the power to 
The proposed structuiet. QJ - t 

weight ration of the devices. These devices can he used 
alone or in association with rectifiers 14 whrch use drodes 
and/or thyristors and/or transistors to provide the power 

Z Piy ^i<* is ^ in equipment haVinS h """To 

<■ circuits The devices can also be used to 

TZZZ ^:^ transformers, isolation transformers 

- r I ^IdT 1 : 1 -hining or pressing 

Thp cores 10 are realized 
process of an isotropic soft magnetic composite materral 

composed of iron and resin. 

With the solutions which are presented, it 

possible to produce transformers 15 and ^" ^^ 
Fig 12) with a power to weight ratio which is higher than in 

■, i^i structures of transformers and 
the case of the classical structures 

inductors which use laminations. 
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Referring to Fig. la to 4b it can be seen that the 
shapes of the structures which are proposed in this invention 
present a cylindrical symmetry around one main revolution 
Lis 11 and the winding or the windings 12, 12' are enclosed 
in the .agnatic core 10. In the plane of the cylindnca 
symmetry (a plane passing through the revolution axis) , the 
cross-section of the winding window 16 and the magnetic core 
10 can be rectangular (Fig. 5b), circular (Fig. 3b, or oval 
, pig 4b) . With such an arrangement, it is possible to get a 
good' coupling between the windings 12, and to minimize the 
external stray magnetic fields, because the shielding effect 
of the magnetic core 10 . The audible noise is also eliminated 
because a soft magnetic composite material is used. 

in c -realized in two identical 
The magnetic core 10 is realized 

parts or sections 10 • and 10", to simplify the production 

process and the windings 12 and » ■ are placed around the 

central column 12 of the magnetic core. One or two holes 18 

wi th a small diameter can be realized in the base or on one 

side of the two sections of the core 10 to connect the output 

wires of the internal winding cr windings to the external 

\ *-v«o t- ransf ormer or inductor, 
output terminals (not shown) of the transtorme 

The magnetic core 10 of an inductor can present an 
airgap 19 realized by separating its two sections 10' and 10- 
(Fig 2a) or by using a central column and an external she 
of different lengths (Fig 2b). In this case, it is preferable 
to maKe an airgap 19 • on the central column 17 to minimize 
the external magnetic stray fields. It is also possible to 
increase the central airgap to eliminate the central column. 

The shapes of the cross-section of the winding 
window 16 and the core in the plane of the cylindrical 
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symmetry, a plane passing through the revolution axis 11, can 
be different . 

With a circular cross- section as shown in Fig's la 
to lc, it is possible to minimize the total amount of 
magnetic material and to reduce the iron losses , because the 
repartition of the flux lines is homogeneous and there is no 
local saturation like in the corners of the window of the 
structure with a rectangular cross-section as shown in Fig's 
5a and 5b. 

It is also possible to use an oval cross-section or 
a rectangular cross - section with round corners Fig. 4b). 
This structure of core is more adapted to the pressing 
process of the soft magnetic composites than the structure of 
Fig's 5a and 5b, and it presents the same advantages. 

It is also possible to use a trapezoidal cross- 
section of the winding window with a rectangular external 
cross-section 20 of the core as shown if Fig. 6b, or a 
rectangular cross-section of the winding window 16 with a 
trapezoidal external cross-section 21 of the core as shown in 
Fig. 7b. These structures of core are minimizing the total 
amount of magnetic material but not so perfectly than the 
structure of Fig's la to lc. 

All the proposed cores 10 of Fig's la to 7b can be 
realized with different values of form factor (ratio between 
the height and the external diameter of the core) to be 
adapted to specific constraints of the applications. Low 
profile transformers or inductors can be easily realized with 
a low cost of production because the use of soft magnetic 
iron-resin composites. For example low profile inductors and 
transformers are well adapted to the implementation on 
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electronic cards in racks with a limited interval between 
cards as discussed in U.S. Patent 5,175,525.. 

With reference to Fig's 8a to 10b and in order to 
optimize the heat transfer and to maximize the power to 
weight ratio of the transformer or the inductor, it is 
preferable to add cooling fins 22 on the core 10. The 
particular solution presented in this invention consists in 
the direct realization of the cooling fins 22 on the external 
surface 23 of the device by using the soft magnetic material 
itself. These cooling fins 22 are integrally formed in the 
structure of the core 10 and consequently they are realized 
in a single operation during the pressing process. The 
thermal conductivity of the soft magnetic composite material 
is high and the heat transfer from the winding 12 or the 
windings 12 and 12 • and the core 10 to the ambiance is 
efficient. It is also possible to maximize the use of the 
magnetic material of the cooling fins to let circulate the 
magnetic flux in them. With such an arrangement, the volume 
of soft magnetic material is still reduced. In this case the 
fins 22 must be oriented in the direction of the magnetic 
flux circulation. The fins 22 can be realized on the whole 
external surface of the core 10 or on one part of this 
surface only, see for example the structure of Fig's 10a and 
10b. It is represented with no fins on the horizontal 
surfaces 23', but it is also possible to put fins on these 
surfaces 23'. One can note in the structures of cores 10 
presented in this invention that the optimal directions of 
fin orientations are always in the planes of the cylindrical 
symmetry, a plane passing through the revolution axis 11. The 
use of such cooling fins 22 allows an increasing improvement 
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of the power to weight ratio proportional to the power of the 
device . 

Referring now to Fig's 11a to lid, it is pointed 
out that when the electrical conductivity of the soft 
magnetic composite material which is used is relatively high, 
it is necessary to realize one or several slots 24 with a 
small thickness to reduce the circulation of eddy currents in 
the core and to minimize the magnetic losses. One can note 
that the planes 2 5 of the slots 24 must be planes of the 
cylindrical symmetry, planes passing through the revolution 
axis 11. 

The classical structures of three-phase 
transformers and inductors with three columns are realized 
with E cores. There are one or several windings on each 
column which correspond to one phase of the three phase power 
supply With the three column structure, the phase windings 
are magnetically coupled. Three-phase transformers and 
inductors can be realized by using three different cores (one 
core per phase) with the structures described m this 
invention. With such an arrangement, the phase windings can 
be magnetically isolated if the cores are separated from each 
other bv airgaps, or magnetically coupled if the cores are 
directly stacked on each other. It is also possible to place 
the individual cores with a spatial phase displacement of 
120 deg. To obtain a symmetrical coupling of the phase 
windings . 

Single phase inductors with distributed airgaps can 
also be realized by stacking several cores with the shape of 
the core of Fig's 2a or 2b which possess an airgap IS anc 19 ' 
of small width. Because each core 10 is possessing a smai. 
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airgap 19, the copper losses generated by proximity effect in 
the winding regions 16 near the airgaps 19 is reduced. 

When a transformer is realized in accordance with 
the present invention and a soft magnetic composite material 
in association with one or several rectifiers 14 using diodes 
14' and/or thyristors and/or transistors, see Fig. 12, the 
standard IEC-555-2 on the injection of current harmonics in 
the AC power supply is satisfied, because the harmonic 
content of the magnetizing current and its amplitude are 

relatively low. 

It is within the ambit of the present invention to 
cover any obvious modifications of the preferred embodiment 
described herein, provided such modifications fall wxthxn the 
scope of the appended claims. 
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CLAIMS: 

, ft transformer for low frequency applications of 

from 50Hz to 1000 Hz is described. The transformer comprises 
cor having a cylindrical symmetry around a main revolution 
axi The core is formed of a soft isotropic magnetic 
composite material composed of iron and resin. windings are 
enclosed in the magnetic core and magnetically coupled with 
the magnetic core. The core is formed hy =~ *» 

fremiencv applications, DC to 1000 Hz or 
inductor for low trequenuy 

imilar construction is also described, said inductor 
uprising a core having a cylindrical symmetry around a main 
revolution axis, said core being formed of a soft isotropic 
ra agnetic composite material composed of iron and «.» a 
winding which is enclosed in said magnetic core and disposed 
about a central column of said magnetic core and magnetically 
coupled with the said .agnatic core, said core being formed 
by core sections. 

The transformer as claimed in claim 1 wherein said 
core is provided on an external surface thereof with cooling 
£i ns -de integral with said soft magnetic composite 
material . 

The transformer as claimed in claim 3 wherein said 
fins are integrally formed with said core during pressing of 
said core in a single operation process. 

The transformer of claim 3 wherein said fins are 
machined in said core in a machining operation. 
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5 The transformer as claimed in claim 3 wherein said 

fins are oriented in the direction of the magnetic flux 
circulation of said core and in planes of said cylindrical 
symmetry passing through said revolution axis. 

6 . The transformer as claimed in claiml wherein said 

core defines a winding window having a circular cross- 
section when viewed in a plane of said cylindrical symmetry 
passing through said revolution axis. 



7 . 



The transformer as claimed in claim 1 wherein said 
core defines a winding window having an oval cross-section 
when viewed in a plane of said cylindrical symmetry passrng 
through said revolution axis. 

8. The transformer as claimed in claim 1 wherein said 
core defines a winding window having a rectangular cross- 
section, with or without round corners when viewed xn a 
plane of said cylindrical symmetry passing through said 
revolution axis . 

9 . The transformer as claimed in claim 1 wherein said 
core defines a winding window having a trapezoidal cross- 
section, with or without round corners when viewed rn a 
plane of said cylindrical symmetry passing through said 
revolution axis. 

10 The transformer as claimed in claim 1 wherein said 

transformer is a polyphase transformer formed by stacking 
the cores of each phase face to face or with separation 
airgaps . 
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H The transformer as claimed in claim 1 wherein said 

core is provided with one or more slots placed in planes of 
said cylindrical symmetry passing through said revolution 
axis to reduce eddy currents. 

12 The transformer as claimed in claim 1 provided with 
a primary winding connected directly to an AC power supply 
having a frequency in the range of 50Hz to 1000Hz, and one or 
mo re secondary windings connected to a rectifier using diodes 
and/or thyristors and/or transistors. 

13 The transformer as claimed in claim 1 and having a 
low level of audible noise when supplied with AC currents at 
low frequencies in the range of 50Hz to 1000Hz, and with 
substantially magnetically induced vibrations m said 
magnetic composite materials thereby minimizing audible noise 
for applications such as distribution transformers, ballast 
transformers and inductors for fluorescent lamps, power 

supply transformers of audio equipment and domestic 

appliances . 

14 The transformer as claimed in claiml and having a 

low level of electromagnetic interference (EMI ) and a low 
external stray magnetic field because said windings are 
enclosed in said magnetic core, for applications where said 
EMI must be minimized such as when used in power supply 
transformers of audio equipment. 

15 The transformer as claimed in claim 1 connected to 

an AC power supply having a frequency of from 50Hz to 1000Hz 
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with input currents presenting a low total harmonic 
distortion (THD) . 

16 The transformer as claimed in claim 1 having small 

values of form factor (ratio between the height along said 
revolution axis and the external diameter of said core) to be 
adapted to specific constraints of low profile applicatxons 
such as low profile transformers used on electronic cards 
mounted in racks with a specific interval between cards. 

17. The inductor as claimed in claim 2 wherein said 

magnetic core is provided with one or more airgaps, said 
core having two core sections, said airgaps being formed by 
separating said two sections or by using a central column 
and an external shell of different lengths. 

18 The inductor as claimed in claim 2 wherein said 
core is provided on an external surface thereof with cooling 
fins made integral with said soft magnetic composite 
material. 

19 The inductor as claimed in claim 19 wherein said 
fins are integrally formed with said core during pressing of 
said core in a single operation process. 

20 . The inductor as claimed in claim 19 wherein said 

fins are machined in said core in a machining operation. 

21 The inductor as claimed in claim 19 wherein said 

fins are oriented in the direction of the magnetic flux 
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circulation of said core and in planes of said cylindrical 
symmetry passing through said revolution axis. 

22 The inductor as claimed in claim 2 wherein said 

core defines a winding window having a circular cross- 
section when viewed in a plane of said cylindrical symmetry 
passing through said revolution axis. 

The inductor as claimed in claim 2 wherein said 
Tore defines a winding window having an oval cross-section 
when viewed in a plane of said cylindrical symmetry passing 
through said revolution axis. 

24 The inductor as claimed in claim 2 wherein said 
core defines a winding window having a rectangular cross- 
section with or without round corners when viewed in a plane 
of said cylindrical symmetry passing through said 
revolution. 

25 The inductor as claimed in claim 2 wherein said 
core defines a winding window having a trapezoidal cross- 
section, with or without round corners when viewed in a 
plane of said cylindrical symmetry passing through saxd 
revolution axis. 

26 The inductor as claimed in claim 2 wherein said 
inductor is a polyphase inductor formed by stacking the 
cores of each phase face to face or with separation airgaps . 

27 The inductor as claimed in claim 2 wherein said 
core is provided with one or more slots placed in planes of 
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said cylindrical symmetry passing through said revolution 
axis to reduce eddy currents. 

28 The inductor as claimed in claim 2 and having a low 

level of audible noise when supplied with AC currents, at 
low frequencies in the range of 50Hz to 1000Hz. and with 
substantially no magnetically induced vibrations in said 
soft magnetic composite materials thereby minimizing audible 
noise for applications such as filtering and smoothing 
inductors used in electronic equipments. 

29 The inductor as claimed in claim 2 connected to an 
AC power supply having a frequency of from 50Hz to 1000Hz 
with input currents presenting a low total harmonic 
distortion (THD) . 

30 The inductor as claimed in claim 2 provided with 
distributed airgaps to minimize copper losses generated by 
proximity effect in said winding, and obtained by stacking 
several individual inductors which possess an axrgap of 
small width. 

31 The inductor as claimed in claim 2 having small 

values of form factor (ratio between the height along said 
revolution axis and the external diameter of said core) to 
be adapted to specific constraints of low profile 
applications such as low profile inductors used on 
electronic cards mounted in racks with a specific interval 
between cards . 
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32 The inductor as claimed in claim 2 having a low 

level of audible noise when supplied with AC currents at low 
frequencies in the range of DC to 1000Hz. and with 
substantially magnetically induced vibrations in sard 

^-;»-~ m3r n r ials thereby minimizing audible 
magnetic composite materials lucicuj 

noise . 
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